Introduction
Epilepsy is the most common serious neurological disorder in the UK with an estimated prevalence of between 0.7 and 0.8% [1, 2] . The incidence is about 0.05% (50 per 1,000,000 population) per year [2] with incidence rates peaking in childhood and older age. Approximately 23% of people with epilepsy are women of child bearing age [3] . A population based study estimated that 0.33% of pregnancies involve active maternal epilepsy [4] .
It is recommended that care of pregnant women with epilepsy should be shared between an epilepsy specialist and an obstetrician and that a liaison epilepsy nurse is an integral part of routine antenatal service [5] . These elements are provided by the regional maternity unit in Northern Ireland which delivers a joint obstetric/ neurology antenatal clinic and epilepsy nurse specialist (ENS) service to all women with epilepsy resident in the regional maternity unit catchment area and to those referred from peripheral units. Antenatal care for women with epilepsy varies across peripheral maternity units in Northern Ireland with no standardised referral criteria to the regional joint obstetric/neurology antenatal service. Consequently although joint obstetric and neurological care of women with epilepsy during pregnancy is recommended, delivery of this service is variable in Northern Ireland. Differences in characteristics of women with epilepsy accessing antenatal services may help inform the design of a regional antenatal care pathway for women with epilepsy in Northern Ireland.
This study seeks to:
(1) Describe demographic and socio-economic characteristics of women with epilepsy who deliver in Northern Ireland and investigate differences in these characteristics between those who deliver in regional and peripheral maternity units. (2) Determine if there are differences in demographic and socioeconomic characteristics between women resident outside the regional unit catchment area who deliver in the regional unit and those who deliver in peripheral units. (3) Determine independent predictors of delivery location and access to the joint obstetric/neurological service for women who reside outside the regional unit's catchment area.
Methods
Data was extracted from the Northern Ireland Maternity Information System (NIMATS) relating to all births in which the mother had a recorded diagnosis of epilepsy for the 3-year period from 1st January 2012 to 31st December 2014. Twin and higher multiple births were identified and data relating to the first born live child was used to ensure only a single record for each mother was used. Only data for those with a diagnosis of non-resolved epilepsy were considered for analysis. Epilepsy was considered resolved in those who were seizure-free for the last 10 years and off AEDs for at least 5 years or those with an age dependent epilepsy syndrome who were past the applicable age [6] .
Demographic and socio-economic factors were compared between three groups: (1) women who delivered at the regional unit from its catchment area, (2) women who delivered at the regional unit from outside its catchment area and (3) women who delivered at peripheral units (Fig. 1) . Employment status was classified as employed, unemployed, stay at home mother or student. Deprivation level was determined based on the census output area of the patient's home address, using the Northern Ireland Multiple Deprivation Measure (NIMDM) which is a composite deprivation measure with components of income, employment, health and disability, education, skills and training, proximity to services, living environment and crime and disorder (17) . Patients were assigned to deprivation quintiles according to their postcode, ranging from quintile 1 (most deprived) to quintile 5 (least deprived). Parity was categorised as nulliparous, one delivery, two deliveries, three to four deliveries and five or more deliveries.
Statistical analysis
Categorical variables (employment status, deprivation quintile and parity) were analysed using chi-squared tests. Continuous variables were plotted and assessed for normal distribution. Continuous variables that were normally distributed (maternal age and birth weight) were analysed using t-tests and those that were not normally distributed (antenatal, maternal and infant length of stay) were analysed using the Mann-Whitney U test. To investigate factors associated with delivery location and contact with the joint neurology/obstetric service, data from women resident outside the regional unit catchment area were analysed (Groups 2 and 3, Fig. 1) . A multivariate logistic regression model was used to assess the association of demographic and socioeconomic factors on delivery location with the outcome being either delivery in the regional or a peripheral unit. The predictor variables were maternal age at delivery, parity, employment status, deprivation level and Trust residence. A p-value of <0.05 was considered significant. Analysis was performed using SPSS version 19.0 (IBM Corp, Armonk, NY). (Table 1) . 48% (214/447) delivered at the regional maternity unit and 52% (233/447) delivered in peripheral maternity units (Fig. 1, Table 1 ). Of those delivering at the regional maternity unit, 42% were residents of the regional unit's catchment area and 58% were residents from outside the catchment area ( Table 2 ). Of the 124 women delivering at the regional unit from outside its catchment area, 82% were from the two adjoining catchment areas (South Eastern (44%) and Northern Trust (38%)) with only 18% from non-adjoining catchment areas (Southern (13%) and Western Trusts (5%)) ( Table 3) .
Results

Demographic, socio-economic factors and parity
There was no difference between maternal age at delivery between women from the regional unit catchment area (29.3 years (standard deviation (SD) = 5.6) and those from outside the regional unit catchment areas who delivered at the regional unit (30.3 years (SD = 5.3), p = 0.19) and women who delivered at peripheral units (29.6 years (SD = 5.8), p = 0.70). There was no difference in maternal age at birth between women outside the regional unit catchment area delivering at the regional unit and women who delivered at peripheral units (p = 0.25). There was a significant difference between the employment status of women from the regional unit catchment area and those from outside the regional unit catchment area who delivered at the regional unit (p = 0.025) and women who delivered at peripheral units (p = 0.01). There was a greater proportion of unemployed women (30.8%) from the regional unit catchment area compared to both women from outside the regional unit catchment area who delivered at the regional unit (16.3%) and women who delivered at peripheral units (11.5%). Conversely there was a lower proportion of women from the regional unit catchment area who were employed (60.0%) compared to both women from outside the regional unit catchment area who delivered at the regional unit (70.4%) and women who delivered at peripheral units (71.8%) ( Table 4 ). However there was no significant difference in employment status (p = 0.51) between residents from outside the regional unit catchment area who delivered at the regional unit (70.4% employed, 16.3% unemployed) and women who delivered at peripheral units (71.8% employed, 11.5% unemployed) ( Table 4 ).
There were significant differences in the proportions of women by deprivation quintile between those from the regional unit catchment area and those from outside the regional unit catchment area who delivered at the regional unit (p < 0.0001) and women who delivered at peripheral units (p < 0.0001) ( Table 5 ). There was a much greater proportion of women from the regional unit catchment area in the most deprived quintile (75.0%) compared to both women from outside the regional unit catchment area who delivered at the regional unit (14.3%) and women who delivered at peripheral units (18.5%). There were smaller proportions of women from the regional unit catchment area in deprivation quintiles two, three and four (10.2%, 1.1% and 2.3%) compared to those from outside the regional unit catchment areas who delivered at the regional unit (19.8%, 28.6% and 23.8%) and women who delivered at peripheral units (23.6%, 25.8% and 20.2%) respectively. The proportion of women in the least deprived quintile was similar across all groups with 11.4% of women from the regional unit's catchment area, 11.9% of those who deliver at the regional unit from outside its catchment area and 11.2% of women delivering at peripheral units from the least deprived quintile. There was no significant difference in the proportion of women with epilepsy by deprivation quintile (p = 0.67) between residents from outside the regional unit catchment area who delivered at the regional unit (14.3% and 11.9% in the most and least deprived quintiles) and women who delivered at peripheral units (18.5% and 11.2% in the most and least deprived quintiles) ( Table 5) .
There was no difference in the proportion of women across parity categories between any of the three groups with the largest proportion being nulliparous in all groups (Table S1 ).
Birth weight, delivery method and length of stay
There was no difference in birth weight between deliveries in women from the regional unit catchment area (3.31 kg, SD = 0.59 kg) and those from outside the regional unit catchment areas who delivered at the regional unit (3.38 kg, SD = 0.58 kg (p = 0.35)) and women who delivered at peripheral units (3.31 kg, SD = 0.63 kg (p = 0.97)). There no difference in maternal age at birth between women outside the regional unit catchment area delivering at the regional unit and women who delivered at peripheral units (p = 0.32). There was no difference in delivery method between women from the regional unit catchment area and those from outside the regional unit catchment areas who delivered at the regional unit and women who delivered at peripheral units (Table S2) . There was no difference in delivery method between women outside the regional unit catchment area delivering at the regional unit and women who delivered at peripheral units (Table S2) .
Antenatal length of stay was significantly less for women from the regional unit catchment area (median = 0.41 days, range = 0.005-7.0 days) compared to those from outside the regional unit catchment areas who delivered at the regional unit (median = 0.70 days, range = 0.003-49.1 days, p = 0.01) but not compared to those who delivered at peripheral units (median = 0.33 days, range = 0.004-10.6 days, p = 0.89). Antenatal length of stay was significantly greater for women from outside the regional unit catchment areas who delivered at the regional unit (median = 0.70 days) compared to those who delivered at peripheral units (median = 0.33 days) (p = 0.01). There was no difference in the length of stay of either the mother (p = 0.15) or the infant (p = 0.15) between women from outside the regional unit catchment areas who delivered at the regional unit compared to those who delivered at peripheral units (Table S3 ). There was no difference in post-delivery length of stay for women from the regional unit catchment area (median = 1.97 days, range = 0.3-5.4 days) compared to those from outside the regional unit catchment areas who delivered at the regional unit (median = 2.0 days, range = 0.50-8.5 days, p = 0.38) or those who delivered at peripheral units (median = 1.95 days, range = 0.29-12.3 days, p = 0.71) (Table S3 ). There was no difference in infant length of stay for mothers from the regional unit catchment area (median = 2.1 days, range = 0.3-81.0 days) compared to those from outside the regional unit catchment areas who delivered at the regional unit (median = 2.1 days, range = 0.50-21.4 days, p = 0.59) or those who delivered at peripheral units (median = 1.97 days, range = 0.0007-81.1 days, p = 0.49) (Table S3 ).
Logistical regression
Trust residence and mother's age at delivery were the only factors significantly associated with delivery location on logistical regression testing, with employment status, deprivation level and parity not significant predictors (Table 6a ). Women residing in more proximal Trust locations were more likely to deliver at the regional unit relative to the most distant Trust location (Western) with those in South Eastern (p = 0.000000007) and Northern Trusts (p = 0.00000006) most likely to deliver in the regional unit relative to the most distant Trust. Trust residence was found to be the strongest independent predictor of delivery location (Table 6a) . Women from the South Eastern Trust were 94% less likely, those from the Northern Trust 93% less likely and those from the Southern Trust 72% less likely to deliver at a peripheral unit compared to those from the most distant Trust (Western). Maternal age at delivery was also found to be an independent predictor of delivery location with younger women more likely to deliver at peripheral units (p = 0.03).
Discussion
Based on Northern Ireland birth data [7] , estimated UK epilepsy prevalence rates [8] and a population based study [4] , the number of women with epilepsy who give birth in Northern Ireland would be expected to range from 79 (0.33% of 24,000) to 192 (0.8% of 24,000) per year. This study found an average of 149 women with epilepsy delivered in Northern Ireland over the 3-year period with 180 in 2012 and just above 130 in 2013 and 2014. The most recent MBRRACE-UK (Mothers and Babies: Reducing risk through Audits and Confidential Enquiries across the UK) report emphasised the need for standardised management, joint obstetric and neurological care and liaison nursing input during pregnancy for women with epilepsy [5] . However 52% of women with epilepsy in Northern Ireland deliver in peripheral units and do not access the regional joint obstetric/neurology service. 63% of women with epilepsy outside the regional unit catchment area do not access the service. For women outside the regional unit catchment, access of the service ranged from only 5% to 44%, with the lowest rates in the most geographical distant locations. Although some element of shared obstetric/neurology care may be available to women delivering in peripheral units the exact nature of this is unknown and will not be via the structured pathway that exists in the regional unit, with regular review by a dedicated Obstetrician, a Neurologist with a specialist interest in Epilepsy and an Epilepsy Nurse Specialist.
It has been long been recognised that those with poorest access to services are often those most in need of them [9] . Socioeconomic deprivation has been associated with lower rates of referral to specialist care [10, 11] and poorer access of interventions [12] despite greater health needs. However, there was no difference in rates of employment or unemployment in women residing outside the regional unit catchment area between those that delivered in the regional unit or at peripheral units. There was also no difference in deprivation levels of women from outside the regional unit's catchment area who delivered in the regional unit and those who delivered in peripheral units.
A large majority (three quarters) of WWE from the regional unit's catchment area reside in areas classified as most deprived, compared to less than a fifth of women who reside outside the regional unit's catchment area. There was also a significantly greater proportion of unemployed, and lower proportion of employed, women from the regional unit's catchment area. Greater levels of unemployment and a greater concentration of deprived areas characterise the regional unit's catchment area, which is an urban post-industrial region. However the marked differences in area level (deprivation quintile) and individual level (rates of unemployment and employment) deprivation measure results found in this study underlines the benefit of individual rather than area level measure of deprivation, when they are available.
Previous studies have reported that younger women, those unable to speak English, those of non-British (White) ethnicity, those living in temporary accommodation, those born outside the UK and those living without a husband or partner were more likely to book late for antenatal care [13, 14] . A large national survey of women's experience of maternity care in England found that single mothers, those from ethnic minorities and those who completed education early accessed maternity services late and had poorer outcomes [15] . It may have been expected that young, nulliparous, Table 6a Significant independent predictors of delivery location. Factors contributing significantly to the model (p < 0.05) are included and were determined using backward elimination. Initial predictors were maternal age at delivery, parity, employment status, deprivation level and Trust residence. The reference Trust residence was the most geographical distant Trust (Western). (12 women with residence in the regional unit who delivered outside the regional unit were removed for the purposes of logistical regression.).
Predictor
Exp ( unemployed women from deprived areas were less likely to be referred to, or access, the regional joint obstetric/neurology service. Maternal age was found to be a significant predictor of delivery location, with younger women more likely to deliver in peripheral units. For every year increase in age, the odds of delivering in a peripheral unit reduced by 5%. So a woman of 30 years of age would be 50% less likely to deliver at the peripheral unit than one of 20 years of age. Although there was no significant difference in mean age of women from peripheral locations who deliver at the regional centre and those who do not, a significant difference was found on logistic regression analysis. This suggests the effect of age was confounded by another factor, such as Trust residence. Post hoc analysis of the age of women resident outside the regional unit catchment area by Trust residence found this to be the case with those in the South Eastern Trust who did not deliver at the regional unit significantly younger than those who did (Table 6b ). This illustrates the benefit of logistical regression in isolating both location (the most powerful predictor) and age (a less powerful, but still significant, predictor) as the factors which predicted if a woman accessed the regional service. However, there was no difference in parity, employment status or deprivation quintile of residents outside the catchment area of the regional unit who accessed joint obstetric/neurology services in the regional unit and those who delivered in peripheral unit, who did not. This suggests that women with epilepsy from outside the catchment area of the regional unit who deliver in the regional unit are no different, at least socio-economic terms, to those that deliver in peripheral units.
There were significantly more women with epilepsy resident in adjacent Trusts (South Eastern and Northern) who delivered in the regional unit and accessed the joint obstetric and neurology service there. Indeed, proximity to the regional unit and maternal age were the only factors significantly associated with delivery at the unit. Longer transport times may be a reason that fewer women from more peripheral Trusts (e.g. Western and Southern) attend the regional service. This is likely to be a significant problem for women with epilepsy, with driving restrictions and fear of driving reported as major limitations by those with epilepsy [16] . There were greater proportions of WWE resident in adjacent Trusts who had emergency caesarean sections (20.6%), and lower proportions having elective caesarean sections (10.3%), in the regional unit compared to peripheral units (14.2% and 18.0% for emergency and elective caesarean sections respectively). Although these differences were not significantly different, a possible explanation may be that WWE resident in adjacent Trusts who attended the regional unit for antenatal care were more likely to have poorly controlled epilepsy and, consequently, were less likely to be booked for elective section and more likely to be delivered by emergency caesarean section.
Of those women with epilepsy from outside the regional unit catchment area who do not access the joint obstetric/neurology service, a proportion will include women with poorly controlled epilepsy, who represent those at highest risk. As younger women were less likely to access joint services in the current study, it is possible a higher proportion of these could have had poorly controlled epilepsy. The highest rates of Sudden Unexpected Death in Epilepsy (SUDEP), suggesting poorly controlled epilepsy, have been reported in the age group from 15 to 44 years [17] . However, an association between age and epilepsy control was not possible to quantify in the current study due to the absence of information on epilepsy control or compliance with medication, which is a limitation of the study. As most women with epilepsy do not experience an increase in seizure frequency during pregnancy the absolute number with poorly controlled epilepsy will be small. However access of the joint service will be required to assess the individual risk for all women, rather than just for some as happens at the moment.
Strengths of this study include the use of data from a regional information system (NIMATS) which comprehensively records information on all women delivering in Northern Ireland and is unlikely to miss cases. Comparing characteristics of women with epilepsy from outside the catchment area of the regional unit who deliver in the regional unit with those also from outside the catchment area of the regional unit but who deliver in peripheral units may help inform the development of services for all women with epilepsy in Northern Ireland. This is the first study to investigate associations between demographic and socio economic factors and contact with a joint obstetric/neurology service for women with epilepsy.
A limitation of this study was the assumption that a woman delivering at the regional unit had been reviewed at the joint obstetric/neurology clinic and, conversely, a woman delivering outside the regional unit had not been reviewed at the joint obstetric/neurology clinic. However this is reasonable as patients cannot be reviewed at the joint obstetric/neurology clinic if they are not booked to deliver at the regional unit. Although socioeconomic deprivation was measured at area level using NIMDM, which is less precise than individual level data, employment status, an individual level measure, was also recorded. We had no information on the severity of epilepsy, which may help explain why some women from outside the catchment area were referred to the regional unit. We did not have information on ethnic grouping, marital status or accommodation type in this study.
Conclusion
Over half of all women with epilepsy in Northern Ireland, and almost two-thirds outside the regional unit catchment, do not access the regional joint obstetric/neurology service. There are no obvious socioeconomic factors to help explain this. Women resident in distant Trusts were much less likely to access services at the regional unit than those in adjacent Trusts, indicating a geographical inequality in access to services. Younger women were also less likely to access services at the regional unit. Development of a regional pathway to ensure care of all pregnant women with epilepsy in Northern Ireland is shared between an obstetrician and neurologist care is needed and should focus on those in geographically distant locations and of younger age. Further studies are required to assess the effectiveness of joint obstetric and neurology clinics on maternal and infant outcomes.
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